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EDITORIAL 


Five years ago, in March 1952, the Journal of the Canadian Association of Radiologists 
had the privilege of publishing a group of five original papers which were destined to 
make history in the advance of radiology. Those articles introduced, at once, most of the 
fundamentals of ionizing radiation therapy with kilocurie Cobalt’ teletherapy units. 


The physical characteristics of the radiation in Cobalt"” beam therapy were discussed 
by H. E. Johns, including depth dose data and isodose distribution. Room protection 
measurements for Cobalt" teletherapy units were determined by W. R. Dixon, C. Garrett 
and A. Morrison. Further, D. T. Green and R. Errington offered their considerations in 
the design of the Cobalt*’ beam therapy equipment. The clinical possibilities of the 
Cobalt*” beam unit were considered by T. A. Watson. Some influences and advantages of 
Cobalt" beam therapy were envisaged by Ivan Smith. 


The late A. J. Cipriani, who had played an important part in the promotion and 
development in Chalk River of compact powerful sources of Cobalt’, introduced, in a 
special editorial, this Canadian achievement in the field of radiological science. He then 
predicted that these powerful sources would “not only supplant radium beam therapy” but 
would also “compete with X-ray machines in the 2,000,000 to 3,000,000 volt region”. 


A few years have sufficed to prove that Dr. Cipriani’s anticipation not only came 
true but is even being surpassed. Teletherapy units are now available which are using 
smaller sources of Cobalt"” of the order of 500 - 600 curies. These are made to be used at 
shorter treatment distances, generally at 50 cms. focus-skin distance. Under these cir- 
cumstances, the distribution of radiation in the tissues is such as to be equivalent to the 
distribution obtained with conventional x-radiation. At the same time, the clinical advan- 
tages of high energy radiation are being retained: less skin reaction, less absorption in 
bone, and less radiation sickness. Other sources of radiation for beam therapy units will 
soon be available on the market, using Caesium'*'; their energy levels at 0.66 Mev. is such 
that Caesium'** units may be expected to replace 200 - 500 Kv X-ray machines. 


Five years have now passed since the first Cobalt"’ beam therapy units ever built 
were utilized in Canada for the first time, about the end of October, 1951, in the cities of 
London and Saskatoon. Today, the Editorial Board of this Journal has the pleasure of 
presenting the medical world with the first five-year reports on the clinical applications 
of Cobalt"” teletherapy units to the treatment of diseases, largely neoplastic. Obviously 
the group of articles being published in this issue must be considered only as preliminary 
reports. The clinical experience already acquired can only indicate certain trends. 


The trends already observed indicate that the main advantage of Cobalt” radiation, 
utilized for teletherapy purposes, lies in the treatment of deep-seated lesions which could 
hardly ever be treated adequately with conventional X-ray therapy. Such advantage is not 
related to any special virtue of Cobalt” radiation. It is directly related to the greater 
penetrating power and the scattering in a forward direction of Cobalt®” radiation, which 
are physical properties common to any high energy beam of radiation of identical quality. 


Thus, excessive tissue reactions which were forcing discontinuation of X-ray treatments 
may be avoided. 


It is too soon to determine as yet to what extent the apparent physical and radio- 
biological advantages, to be derived from the high energy Cobalt” sources, might improve 
results in the treatment of neoplastic diseases over those already obtained with conven- 
tional x-radiation in the 0.2 to 0.3 Mev. range. Time might tell, but not necessarily so. 
Such comparison will prove to be extremely difficult, even if series of comparable and 


identical cases could be treated alternately with Cobalt” or with 200 - 300 Kv radiation, 
strictly without selection. 
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If this accepted concept is true, that the same dose of ionizing radiation should pro- 
duce the same biological effects, irrelevant of the quality of the beam, we doubt very much 
that significant differences may be observed in favour of Cobalt®’ over 200 - 300 Kv ra- 
diation. From crude clinical observation it seems to us that doses of Cobalt” radiation 15 
to 20°% greater would be required to induce the same biological effects as we have been 
accustomed to observe with conventional x-radiation. 


We would like to suggest that one way, perhaps, of improving the results in the treat- 
ment of neoplastic diseases with Cobalt*’ radiation beam might be to deliver considerably 
larger doses than it has been possible to deliver in general with conventional x-radiation. 
This might apply particularly to tumours which have shown a certain degree of radio- 
sensitivity but yet have presented little evidence of high radiocurability. 


An impulse was unquestionably given by the development of the first Cobalt*” beam 
therapy units. The utilization of sealed radioactive sources of high energy and high in- 
tensity in compact sources is increasing in importance in the field of external radiation 
beam therapy. The radiation therapist must learn to use his new tools to the best advan- 
tage of his patients. These new tools might influence to some extent the results of 
radiation therapy in the treatment of neoplastic diseases. Further improvement will 
largely depend upon the skill of the radiation therapist, as a clinician, to assess each case 
properly. It will depend also upon his ability to correlate the biological effects to be 
anticipated with the physical characteristics of the most suitable source of radiation to 
be selected for each patient to be treated. 


JEAN BOUCHARD, M.D. 


Royal Victoria Hospital, Montreal. 
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In double contrast studies... 


for example—have you noticed how consistently 


Kodak Blue Brand X-ray Film provides clarity 


of detail throughout low-density areas ? Blue Brand’s 


uniformity of response, its contrast, and inherent 


low fog level make this possible. 


Order from your Kodak x-ray dealer 


CANADIAN KODAK CO., LIMITED . . . Toronto 9, Ontario 
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CO’ TELECURIETHERAPY — AFTER FIVE YEARS * 
T. A. WATSON, M.B. 
Saskatoon, Saskatchewan + 


In August 1951 a radioactive cobalt tele- 
curietherapy unit, of over 1,000 curies, was 
installed by the Saskatoon Cancer Clinic. 
Later in the year it was used in the treatment 
of human cancer. Since almost 1,000 patients 
have now been treated by this unit, it is per- 
haps opportune to try and assess what has 
been accomplished, and just what is the rela- 
tive importance of this type of unit in a 
radiotherapy department. Although all the 
remarks that follow refer to Co” telecurie- 
therapy, there is no reason that they should 
not be applied to any other apparatus (e.g., 2 
or 3 Mev. X-ray machines, 4 Mev. linear accel- 
erators) which is also in the moderate super- 
voltage range, since there is no physical or 
biological evidence to suggest that the radia- 
tion produced by any of these means differs 
significantly. 


The structure of the Saskatoon unit has 
been exhaustively described elsewhere’. Suf- 
fice it to say that the unit, by means of special 
collimating devices®, can be made to produce 
any size field from 4 x 4 cms. to 20 x 20 cms., 
at 80 cm. source — skin distance. The unit 
moves up and down, forwards and backwards, 
and rotates more than 90° from the vertical 
to the horizontal. Various accessory devices 
for beam direction and measurement of com- 
pression are provided, and there is also a re- 
volving platform, as part of the floor, for 
rotational therapy. In other words, every 
advantage of the most flexible X-ray appara- 
tus is matched. The output, on installation, 
was approximately 40r min. at 80 cms., equi- 


librium with scattering material being estab- 
lished. 


Prior -to the installation of this unit the 
tadiotherapeutic armamentarium at the Sas- 
katoon Cancer Clinic consisted of 140 KV, 
200 KV and 400 KV X-ray therapy apparatus 
and half a gram of radium in needles and 
tubes, as well as a quantity of Co“’ wire encas- 
ed in gold, which could be used for moulds. A 


“Presented at Annual Meeting, The Canadian Asso- 


= of Radiologists, January 13-17, 1957, Mont- 
Teal, 


‘Saskatoon Cancer Clinic, City Hospital. 


23 Mev. betatron was also being used experi- 
mentally in certain types of advanced cancer, 
and radon was available from a plant operated 
at the University of Saskatchewan. In 1954 
a 280 KV machine was installed. 


From 1950 to early in December 1956, 
3,957 patients suffering from malignant dis- 
ease were treated by radiotherapy in the Sas- 
katoon Cancer Clinic. Table I sets out the 
number of these patients treated by various 
methods by year. It will be seen that the 
total number of patients treated each year is 
relatively constant — varying from 523 to 
597. The distribution of types of cancer 
treated remained fairly constant throughout 
this period, except that the number of small 
skin cancers, treated by superficial X-ray, 
tended to decrease in the more recent years. 


A study of Table I reveals that: 


(a) After 1951, when only 7 patients com- 
pleted treatment, the annual number was sim- 
ilar for the Co®® unit. 


(b) The number of patients treated an- 
nually on the 23 Mev. betatron remained 
roughly constant, with the exception of 1950. 
During all this period this machine was used 
experimentally in advanced cases only, and 
probably, if it were not available, these pa- 
tients would have been transferred to the Co” 
unit. 


(c) The 400 KV machine ceased to be 
used after 1952. It will be noted that this 
discontinuity corresponds with the start of 
Co“ treatment. The reason for this is that 
any consideration, which made 400 KV pref- 
erable to 200 KV in an individual case, also 
made Co’ preferable to 400 KV. Thus, the 
31 cases treated in 1952 at 400 KV would have 
been treated on the Co’ unit if full facilities 
had been immediately available. 


(d) The 200-280 KV treated cases showed 
a sudden decrease in numbers in 1952. This 
fall, however, was not due to the diversion of 
patients to the Co’ unit, but to the fact that 
the routine treatment for a large group of 
patients (suffering from cancer of the lip) 
was switched from 200 KV to radon seed im- 
plant. Allowing for this change, then, the 


% 
| 
| 


Vol. VIII, June 1957 


JOURNAL DE L’ASSOCIATION CANADIENNE DES RADIOLOGISTEs 


Watson: Cotin Telecurietherapy 


TABLE I 


ALL MALIGNANT CASES TREATED BY RADIOTHERAPY 
BY METHOD (1950-1956) 


YEAR 
METHOD 

1950 1951 1952 1953 1954 1955 1956* TOTAL 
Coto 7 152 194 186 213 190 942 
BETATRON 45 25 25 29 24 23 21 183 
400 K.V. 100 108 31 239 
200-280 K.V. 158 154 88 100 109 105 135 849 
SUPERFICIAL 
(140 K.V.) 146 127 118 154 113 122 98 878 
RADIUM** 101 102 143 129 116 126 149 866 
TOTAL 550 523 557 597 542 589 593 3957 
To December 1956 only. 

** Includes Intracavitary, Interstitial, or Mould Use of Ra226, Em222, or Co® Tubes. 


number of patients treated at 200 KV an- 
nually is similar, until 1956, when a rise took 
place. This rise was not due to any change in 
treatment policy, but to the transferring of 
some patients who would normally have been 
treated on the Co"” unit, because pressure of 
treatment time on the unit became acute due 
to steadily falling output. 


(e) The number of superficial lesions 
treated by radiation decreased slowly in later 
years because of a tendency to deal with more 
of the early skin cancers by excisional biopsy. 


(f) Our indications for the use of intra- 
cavitary or interstitial radium or radon, or 
of moulds, remained the same, excepting that 
there was a switch of early lip cancers from 
200 KV to radon seed implant in 1952. 


Table I demonstrates, then, that through- 
out the period during which the Co unit 
has been in use, there has been no major 
change in policy as to selection of patients 
for any individual treatment. 


TABLE II 


MALIGNANT CASES TREATED 
BY RADIOTHERAPY 


BY METHOD 
PATIENTS TREATED 
1950-51 1952-56 
1% 32% 
BETATRON 6% 4% 
400 K.V. 19% 1% 
200-280 K.V. 29% 19% 
140 K.V. 26% 21% 
RADIUM, etc. 19% 23% 
TOTAL 100% 100% 


Table II supports these arguments, using 
percentages of patients treated by various 
means in the two periods 1950-51 and 1952-56. 
One startling change is the drop in the per- 
centage of patients treated by 200 KV-280 
KV from 29% to 19‘ in the two periods. This 
is easily accounted for by the fact that, in 
the first period, cancer of the lip accounted 
for 8 points of the 29%. By subtraction, then, 
the comparable figures would be 21‘. and 
19%. 


The most important consideration is the 
selection of patients for supervoltage therapy, 
which, after all, is only suitable for certain 
cases of malignant disease, and does not, in 
fact, take the place of medium voltage or 
superficial X-rays, nor of locally applied 
radium or radon. All are still necessary in a 
properly balanced radiotherapy department 
so that, by a suitable choice of armamentar- 
ium, the most adequate treatment can be given 
to each individual patient. 


The main question at issue is the discrimi- 
nation in the use of supervoltage and medium 
voltage therapy. Most, if not all, of the dif- 
ferences between the two are physical in na- 
ture and are concerned with distribution of 
radiation in the tissues**. Thus, supervoltage 
radiation, compared with that of 200-400 KV 
provides a higher depth dose (especially 
where small fields are used), a lower integral 
dose for the same volume irradiated, much 
less skin reaction for the same given dose’, 
and less differential absorption between bone 
and cartilage and other tissues. On the other 
hand, since medium voltage X-rays can be 
easily screened with lead, irregularly shaped 
fields can be obtained without elaborate pre- 
cautions, and certain parts of the body (e.g. 
mouth) can be shielded when desired. Fur- 
thermore, while large fields can be obtained 
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at reasonable focal skin distances with X-ray 
apparatus, the same is not true of Co’ ma- 
chines. Sometimes, for lesions near the sur- 
face, the lower percentage depth dose of 
medium voltage may be preferable, if a short 
distance supervoltage unit is not available. 


There is a possibility that a qualitative 
difference in biological effect exists between 
the two energy ranges. This is based on the 
fact that the mean linear ion density produced 
by high energy photons is very much less 
than that of medium energy photons”. It is 
just possible, therefore, that, at the molecular 
level, a more homogeneous distribution of 
ionization may be obtained with supervoltage 
radiation, thus permitting a more truly aver- 
age differential effect to obtain between cells 
of different sensitivities. 


A very broad division of malignant disease, 
from a radiotherapeutic point of view, is at- 
tempted in Table III. The first subdivision 
“Head and Neck” includes tumours of the 
mouth, lip, tongue, pharynx, larynx, thyroid, 
salivary glands and brain. Almost all of 
these tumours have been treated by either Co*” 
telecurietherapy, medium voltage X-ray or 
locally applied radium or radon. Cancers of 
the tongue, floor of mouth and lip are best 
treated by radium (or radon) implantation or 
mould since here it is easy technically to 
apply a high dose to a limited volume, with 
a rapid fall-off of dose in surounding normal 
structures, and at the same time use high 
energy radiation with its lesser absorption in 
bone and cartilage. Larger lesions in this 
region are better treated by supervoltage 
therapy because, compared with medium volt- 
age, there is less chance of bone or cartilage 


Watson: Telecurietherapy 


necrosis and skin reactions are much less 
severe. Cobalt therapy is also preferred over 
200 KV therapy for the same reasons in can- 
cers of the larynx and pharynx. An added 
advantage of supervoltage in nasopharyngeal 
tumours is the lessened screening effect of 
the great masses of bone at the base of the 
skull. On the other hand, medium voltage 
therapy is usually preferred in tumours of 
the salivary and thyroid glands because a high 
depth dose is actually undesirable, in that un- 
necessarily severe mucosal reactions over 
wide areas may be produced. Tumours of the 
brain are better treated by supervoltage ra- 
diation because of the shielding effect of the 
skull and because epilation tends to be less 
permanent and skin reactions less severe. 


“Deep” tumours — e.g., cancer of the 
esophagus, inoperable cancer of the lung, or 
large cancers of the bladder — are obvious 


choices for supervoltage therapy. Here, the 
large depth dose, the relative absence of skin 
reactions, the lesser incidence of radiation 
sickness and the lesser absorption in bone are 
self-evident advantages. The same arguments 
apply when external radiation is used in can- 
cers of the cervix or uterus — either as a 
primary measure, or as an adjunct to radium 
treatment. In these two latter diseases our 
primary treatment in early cases is still intra- 
cavitary radium. 


The fourth site in Table III is “Breast”. 
This term includes primary radiation treat- 
ment of cancer of the breast, post operative 
radiation therapy and the treatment of recur- 
rences. When primary radiation treatment is 
indicated, we prefer to use medium voltage 
X-ray because a large area must be covered 


TABLE III 
ALL MALIGNANT CASES 1952-56 TREATED BY RADIOTHERAPY BY SITE & METHOD 


METHOD 
Betatron K.V. 290-280 Ky, Radium, poraL 

HEAD & NECK 145 2 59 242 448 
BLADDER, LUNG 

11 1 14 202 
CERVIX & 
SrEeos 95 26 1 295 417 
BREAST 327 7 71 405 
RETICULOSES 38 4 274 316 
SUPERFICIAL 23 1 9 605 92 730 
MISCEL- 

_ LANEOUS 199 16 15 110 26 366 
TOTAL 935 113 31 537 605 663 2884 
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and, when a three or four field arrangement 
is used tangentially, a high percentage depth 
dose is not of great advantage. We use the 
Co’ unit in the post operative treatment of 
the axilla and supraclavicular regions, with 
parallel opposing fields front and back. In 
this way a higher dose can be obtained at the 
apex of the axilla, the danger of bone necrosis 
is minimized, and skin reactions are negligi- 
ble. In general distant metastases from car- 
cinoma of the breast, when they occur in soft 
tissue near the surface are more suitably 
treated by medium voltage X-ray. When sec- 
ondaries occur in bone, however, supervoltage 
radiation is indicated, since we are attempting 
to radiate the soft tissue recurrence rather 
than the inorganic bone. Since “bone” ab- 
sorbs a far greater percentage of medium 
voltage X-rays than of higher energy X-rays, 
it has been the practise in some centres to 
employ the lower energy radiation. Such an 
argument, however, is fallacious, in that the 
increase of absorption in bone occurs only 
in the inorganic parts. It has been shown by 
Spiers® that the secondary electrons resulting 
from the increased absorption in bone travel 
only a few microns in the adjacent soft tissue. 
The tumour itself, therefore, actually receives 
less radiation, due to the screening effect of 
the inorganic bone, when medium voltage 
X-ray is employed. 


The heading “Reticuloses” includes all 
types of lymphosarcoma, reticulum cell sar- 
coma, Hodgkin’s Disease and leukaemias. In 
all of these diseases very large fields are used 
with medium voltage X-ray. Although the 
depth dose from these large fields is less than 
similar sized fields using the Co’ unit, the 
difference in percentage depth dose is not 
nearly so great as when small fields are used, 
for physical reasons. Furthermore, the use 
of medium voltage allows much greater flexi- 
bility as far as irregularly shaped fields and 
screening is concerned. Since the doses used 
with these large fields are not great, skin 
reactions are not a limiting factor. Hence it 
will be seen that most of these cases have 
been treated with 200 to 280 KV X-rays. 


Superficial lesions have been treated large- 
ly with 140 KV X-rays. Some, however, 
have been treated with radium implants or 
moulds, depending on the site. In a few pa- 
tients the Co“ unit was used, when cartilage 
was either involved or immediately adjacent 
to the tumour, and when a tangential arrange- 
ment of fields could be used, e.g., in the pinna 
or nose, such that the beam traversed the 
area involved only, and did not penetrate 
deeper parts of the body. 
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The miscellaneous group is necessarily 
fairly large and will not be discussed in de- 
tail. The same principles outlined above 
have been used in the selection of radiother- 
apeutic method. 


Discussion 


From the description of the types of cases 
chosen for Cobalt therapy, it will be seen 
that there has really been very little change 
in our radiotherapeutic treatment policy from 
pre-Cobalt days. The indications for local 
radium or radon treatment, and for superficial 
X-ray treatment remain virtually intact, and, 
in fact, the indications for external irradia- 
tion remained constant. It was from the latter 
group only that patients were diverted to the 
Cobalt unit. 


The relative number of patients treated by 
various radiation methods is recorded simply 
in Table IV. It will be noted that the actual 
percentage of patients treated by supervoltage 
therapy (which, as well as those treated on 
the Cobalt unit, includes the few treated by 
23 Mev. X-rays) was 37. If we take into 
account those patients whose lesions would 
have been better treated on the Cobalt unit, 
but for whom treatment time could not be 
found, then this figure would rise to about 40. 


TABLE IV 
RELATIVE USE OF EQUIPMENT 


ACTUAL IDEAL 
METHOD 1952-56 | (Estimated) 
SUPER- | 
VOLTAGE 37% 40% 
MEDIUM 
VOLTAGE 19% 16% 
SUPERFICIAL 21% 
RADIUM, etc. 23% 23% 
TOTAL 100% 100% 


Since no new therapeutic principle has 
been demonstrated with the advent of super- 
voltage radiation, it is doubtful that any 
significant improvement in five year survival 
results will occur. It is probable that a few 
extra cases will be cured, although they prob- 
ably will not be numerous enough to influ- 
ence over-all figures. Apart from this aspect, 
however, there is a tremendous gain from the 
point of view of technical ease in delivering 
a desired dose to any depth, and of comfort 
to the patient during and after treatment due 
to the absence of troublesome skin reactions, 
to the lesser liability to radiation sickness, 
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and to the lesser danger of bone and cartilage 
necrosis. The latter points are of considerable 
importance in palliative therapy, where the 
maximum effect to the tumour, with the mini- 
mum of discomfort to the patient, is the ideal. 


We have experienced no late unexpected 
complications from supervoltage therapy — 
such as subcutaneous fibrosis or perforation 
of the stomach and small bowel which have 
been reported elsewhere — and we ascribe 
this fortunate state of affairs to the careful 
individual study of dose distribution of radia- 
tion in all cases. We have had a few instances 
of necrosis of cartilage after treatment of 
cancer of the larynx, and one case of necrosis 
of the jaw, demonstrating that, in spite of 
the lesser differential absorption of bone and 
cartilage at high energies, the dangers of 
necrosis are not eliminated. 


The dosage levels we use are approx- 
imately 8% - 10° higher than those formerly 
used with conventional X-rays for comparable 
lesions (in roentgens). If, however, we con- 
vert our doses to rads, the difference decreases 
to less than 5% — a difference which may 
not be significant at the clinical level. 


Watson: Co60 Telecurietherapy 


Summary 


Radioactive Cobalt telecurietherapy, or 
other supervoltage apparatus, is the method 
of choice in approximately 40% of patients 
requiring radiotherapeutic treatment for ma- 
lignant disease. 


Lack of discomfort to the patient during 
and after treatment and absence of some 
troublesome reactions, rather than remark- 
able improvement of cancer cure rates, are 
the benefits which are likely to accrue. 
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POSITIONS AVAILABLE 


Excellent opportunity for qualified Diagnostic Radiologist in com- 
bined hospital and private practice including diagnostic work for large 
Cancer Clinic. Terms open for arrangement according to experience and 
ability. Apply to: Drs. Perry & Bawden, 306 Medical & Dental Building, 


Regina, Sask. 


Radiologist, either certified or eligible for Ontario certification 
required to take charge of Department in 160 bed hospital with planned 
expansion to 265 beds, serving a rapidly expanding area of 55,000. Please 
state training, experience, personal history, etc., in first letter to Superin- 
tendent, Brockville General Hospital, Brockville, Ontario. 


RADIOLOGIST AVAILABLE 


Scottish radiologist, age 35, desires locum in Canada, July or August. 
M.B., Ch.B., Glasgow 1944, Diploma of Radio- -diagnosis Edinburgh 1950. 
Willing to register in provinces reciprocating with G.M.C. Reply to Box 
29S stating details of salary and licensure requirements. 


seen 
ange 
from 
local 
icial 
adia- 
atter 
the 
by 
ctual 
den | 
d on 
by 
into 
vould 
ot be 
ut 40. 
ed) | 
| 


27 JOURNAL DE L’ASSOCIATION CANADIENNE DES RADIOLOGISTES 


Vol. VIII, June 1957 


Bennett and Walton: Interim Results Cobalt” Therapy 


INTERIM RESULTS OF COBALT 60 THERAPY* 


JAMES E. BENNET, M.B., R. J. WALTON, M.B. 
Winnipeg, Manitoba + 


An Eldorado Cobalt Beam Unit Model A 
was installed by the Manitoba Cancer Insti- 
tute in Winnipeg General Hospital in March, 
1953 and the first patient was treated in April, 
1953. The source, 1200 curies of Cobalt®’, 
delivered approximately 32r per minute to an 
average sized field at 80 S.S.D. Failure of 
the Chalk River reactor limited the activity 
available at that time. The source was renewed 
early in 1955, the strength this time being 
1800 curies, and the output approximately 48r 
per minute to an average sized field at 80 
S.S.D. Altogether over 1200 cases have been 
treated since the unit was first used. Of these 
1200, only a small proportion can be presented 
now due to many factors, notably previous 
treatment by other methods of radiation, too 
small a number of specific disease to make a 
series and, indeed, the time allotted for this 


paper. Our object was the treatment of deep 
seated disease with a view to either palliation 
or cure, or the treatment of more superficial 
disease where it was felt that Cobalt®” therapy 
might have an advantage over more conven- 
tional methods. It should here be pointed out 
that we are not a Cancer Clinic but a Radio- 
therapy Department attached to Winnipeg 
General Hospital. Almost all our cases are 
referred after a surgeon or physician has seen 
them; most after they have been both seen 
and treated. In many instances, only such 
cases are referred as are considered to be 
inoperable. One exception to this statement 
is carcinoma of the cervix, which is reviewed 
by the Gynaecological Cancer Committee at- 
tended by a gynaecologist, pathologist and 
radiotherapist. The results of treating carci- 
noma of cervix appear in Table I. 


TABLE I CERVIX 
STAGE 
Year | IV Unstaged = Stump 
1953 8: 7 alive 12: 4 alive 5: 4 alive 1: 0 alive | 1: 1 alive 
1954 | 6 6: 5 alive | (15: 11 alive’ | 3: 2 alive | 3: 2 alive | 4: 2 alive | 4: 3 alive 
1 alive} 
| | 1 lost 
1955 7: 5 alive | 8: 5 alive 6: r alive | | 1: 1 alive | 1: 0 alive 
1 alivey 1 alive+ 1 alive} | | 
1 lost | 2 lost | 
1956 5: 4 alive | 11: 8 alive 4: 1 alive 2: 2 alive 1: 1 alive 3: 2 alive 
1 lost | 2 lost 3 alivet | 1 lost 
alive = alive without disease alive} = alive with disease 


lost = lost to follow-up. 


Admittedly, carcinoma of cervix is not 
treated solely by the Cobalt beam, which 
follows the application of intracavitary ra- 
dium by a modified Manchester method. It 
may be of interest to extract from these fig- 
ures a small group of cases, too small perhaps 
to be significant, in which, for a short time 
early in 1953, a variant on the method was 
used inasmuch as we made no attempt to treat 
Point B as a separate entity. This group was 
given 50 mgm. of radium in the cervical canal 
and 20 mgm. of radium in each fornix, for a 
total of 33 hours in one application, the esti- 


*Presented at Annual Meeting The Canadian Asso- 
ciation of Radiologists, January 13-17, 1957, Mont- 
real. 


Department, Winnipeg General Hos- 
pital. 


mated dose at Point A being 4000r and Point 
B being 1000r. This was followed by Cobalt 
beam therapy to the whole pelvis, using four 
fields, two anterior and two posterior, angled 
inwards at 45° and directed by means of the 
“pin and arc” method. 4000 roentgens were 
given to the whole pelvis in three weeks. 


Table II illustrates the results of the 
small group treated by this method. 


TABLE II CERVIX 1953 
Stage No. Alive Alive + Dead 
II 6 
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TABLE Ill BUCCAL ASPECT CHEEK 
Average Average Extremes 
Year No. M. F. Extremes Dosage 
1953 S 4 1 67.4 56-80 37.44 35+-39+ 6000r All alive 
(4-5 wks.) Female has 
tumour present. 
Surgery done on 
one male after 
radiation failure. 
1955 2 2 74-79 10+-13+ 3500-4600r Probable 
(3% wks.) recurrence 
4000-4800r Resection Jaw 
(4 wks.) tumour present 
1956 2 2 68-79 34+-4+ 5700-6000r Probable 
(6 wks.) recurrence 
6000-6500r Had Rn seeds 
(6 wks.) twi(/48& 51& 
Ra mould 55, all 
elsewhere. 
LATE 
1953 2 2 71-73 14-10 5700-6500r After incomplete 
(4 wks...) surgery 
4000r Insufficient 
(4 wks.) X-ray elsewhere 
1 yr. before. 
TABLE IV RECTUM 
Year No. M. F. — Extremes ae Extremes Dosage 
1953 9 7 2 55 49-63 8 mos. 1-36+ mos. 2-3000r | 1 alive 
in 2-3 wks. | 
1954 19 «7 3 61 30-75 5mos. days — None alive 
12 mos 
1955 9 7 2 62 32-75 9 mos. 1-24+- mos. 1 alive 
955 | 9 | 415 54 37-65 6mos. 2 dead — 2 lost| 
mos. | 5 alive 


Buceal Aspect of Cheek 


This small group is illustrated by Table 
Ill. 


It may be seen that the best results were 
obtained in 1953. All of these cases were 
fairly late inasmuch as the tumour was large 
although no actual node involvement was 
present on examination. In 1953 the tumour 
dose, as can be seen from the table, was 6000r, 
the maximum tissue dose being 6500r. The 
Single field was applied at an angle and a 
back pointer was used in order to direct the 
beam to include the whole lesion but to miss 
the opposite parotid in an endeavour to avoid 
a completely dry mouth. Those of the 1953 
patients still surviving with no evidence of 
tumour have as a post-radiational syndrome 
only two complaints. One is some partial 
dryness of mouth, easily relieved by chewing 
gum or eating food, the other a definite loss 


of mobility of the temporo-mandibular joint, 
although there is no difficulty in eating food 
provided it is not too hard. None of the pa- 
tients feels that this complaint is a serious 
one. 


Carcinoma of the Rectum 


This is a group which has obtained con- 
siderable palliation. All of the patients listed 
in Table IV were referred after abdomino- 
perineal excision had been carried out and 
disease had been found to be still present in 
the pelvis. In most cases actual fungating 
tumour was growing through the perineal 
scar. All patients had relief of pain for vary- 
ing periods and in nearly all, the tumour 
although relatively radioresistant, regressed 
markedly. Life was made very much more 
comfortable for all of them. In all the patients 
in this table the tumour was described patho- 
logically as an adenocarcinoma, grade 2. 
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Carcinoma of Larynx 

As may be seen from Tables V and VI, the 
number of palliatively treated cases is twice 
the number of radically treated cases. Carci- 
noma of larynx is relatively uncommon in 
Manitoba and it is even more uncommon for 
an early case, early enough to be cured by 
radiotherapy, to be referred to our depart- 
ment. In the palliative cases, with only one 
exception, all of the patients had metastatic 
tumour in one or both cervical lymph node 
regions. All patients were treated with two 
lateral opposing fields, which gave a more or 
less uniform tumour dose throughout the 
whole area. One interesting case is the 37 
month survival in Table V. This patient had 
a proven carcinoma of pyriform fossa, with 
proven metastatic tumour in one cervical re- 
gion. After treatment, as far as could be as- 
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certained clinically, both the primary tumour 
and the cervical node secondaries disappeared 
completely and did not recur. However, two 
and a half years after his initial treatment he 
developed multiple metastatic lesions in both 
lungs and those, although they responded 
favourably initially to radiotherapy by the 
Cobalt Unit, eventually increased and caused 
his death. The palliative cases in Table V are 
not classified as either extrinsic or intrinsic 
laryngeal lesions. Most of them were so far 
advanced that an accurate classification was 
difficult. The radically treated laryngeal 
tumours in Table VI responded much as 
might have been expected. With one excep- 
tion, a patient who died five months after 


treatment, all are alive with no evidence of. 


tumour, the survival time varying from 13 
months to 23 months. 


TABLE V PALLIATIVE LARYNX 1953 - 1956 
No. | M F Average Ext Average Extremes Dos 
INO. . Age remes Survival eme osage 
12 | 11 | 1 62.3 38-76 °.4 mos. 1-37 mos. 5-6000r 
5 wks. 
TABLE VI RADICAL LARYNX 1954 - 1955 
No.  M. F, Extremes Extremes Dosage 
6 6 | 66 48-76 5-23 mos. 5-6000r 
5 wks. 
TABLE VII BRONCHOGENIC 
Y N | M F Average Ext | Average Ext _— 
ear | | . Age xtremes Survival xtremes ge 
1953 20 20 64.2 46-83 5.8 mos. 3 yrs. 1800-6000r 
| 6 mos. 
— 2 wks. 
1954 | 31 | 28 | 3 | 61.5 46-76 8 mos. 2 yrs.  1200-5000r 2 alive 
| 9 mos.+ yrs. 9 mos 
— days (5000r) 
1 yr. 10 mos 
| (5000r) 
1955 19 | m6 | 3 60.5 38-75 6.4 mos. lL yr. 2000-6000r 3 missing from 
| 6 mos.+ follow-up 
| — days 1 alive 
1 yr. 6 mos. 
(3000r) 
1956 26 | 24 | 2 63.6 38-84 1800-5000r 10 alive 
| | | 1 mo.+—9 mos.+ 
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TABLE VIII BLADDER — Radical 
Year No. M. F. — Extremes ree Extremes Dosage 
1952 4 4 70.9 63-78 12mos. 3-31 mos. 4-5000r 
1954 7 6 1 66.6 53-76 15 mos. 2 alive 4500-6000r Average total 
4-33—~ mos. survival 
4955 7 5 2 66 62-70 8mos 4-11 mos. 4-7000r 11.5 mos. 
1956 8 70.4 56-85 4-6000r 
Palliative 
1953 8 7 1 65 55-73 9.6 mos. 1-36 mos. V 1 alive after 
A 3 yrs. 
1954 17 11 6 68 38-83 5.6 mos. days— R 1 missing 
= 29 mos I Average survival 
1955 2 1 1 64-81 3 mos. E 6 months 
D 
996 | 3 | 3 61 | 


Bronchogenic Carcinoma 


Table VII illustrates the survival of pa- 
tients with bronchogenic carcinoma and an 
attempt has been made to estimate the mini- 
mum and maximum doses given in any one 
year. Undoubtedly those who have lived 
longest had a larger dose given but not all 
those given a large dose lived very long. In 
other words, results are more or less com- 
parable with results of more conventional 
types of therapy. One expected advantage, 
however, of the Cobalt Unit was that therapy, 
if palliative, could easily be repeated without 
gross skin change. 


Carcinoma of the Bladder 
Table VIII illustrates the results in treat- 


ing carcinoma of bladder radically and Table 
IX results of treating bladder tumours pal- 
liatively. 


Again, it is necessary to point out that 
most of these patients were referred because 
the tumour was inoperable, or had previously 
been operated upon and had recurred, or the 
patient was unfit for operation. Very few 
early tumours were treated. 


We have not attempted to form any con- 
clusions from the study of only three years’ 
experience of treatment. We have been im- 
pressed with the Cobalt Beam’s usefulness 
as a palliative instrument in cases for which 
conventional X-ray therapy would not have 
been so useful. 
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Oral carcinoma, unlike cancer of certain 
sites such as larynx and lung, requires more 
than a 2 or 3 year follow-up study period to 
be of any significant cure rate value. Fully 
cognizant of this fact we simply have sur- 
veyed our small oral group, in an effort to 
classify or substantiate impressions we have 
gained since substituting Cobalt"” beam ther- 
apy for conventional X-ray in a relatively 
comparable group of oral cancer. 


It should be clearly understood that even 
to date, with few exceptions, we have not 
substituted Cobalt®” beam therapy in treating 
the early lesions satisfactorily amenable to 
radium needle or radon seed implant. Fur- 
thermore there is little to be gained by ana- 
lyzing the pitifully hopeless stage 4 group. 
Our analysis, therefore, is compiled mostly 
from those cases treated by radical Cobalt"” 
dosage, in size beyond the range of mould or 
implant, on whom in the X-ray era we would 
have prescribed radical external irradiation, 
either by small field beam direction technique 
or by using fields of moderate size. 


The purpose of this thesis, therefore, is 
not statistical but to record, after 5 years 
experience with the stationary Model A 
Cobalt®’ unit (A.E.C.), certain impressions 
which for the most part have encouraging 
significance. 


Table 1 lists the total oral carcinoma group 
treated by irradiation during the entire study 
period from 1952 to 1955. 


TABLE No. I 


CASES OF ORAL CARCINOMA TREATED BY 
RADIATION (1952-1955) 


Radium or Radon Seed Implant 33 
Deep X-ray Therapy 10 
Cobalt*” Beam Therapy _ 79 

Total 122 


Table II records the number of oral cases 
treated by radical and palliative Cobalt” res- 
pectively; while Table III indicates the dis- 
tribution of lesions by site treated radically, 
i.e. with dosage prescribed for cure. 


*Presented at Annual Meeting, The Canadian Asso- 
— of Radiologists, January 13-17, 1957, Mont- 
real. 


+The Ontario Cancer Foundation, London Clinic. 
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TABLE No. Il 
ORAL CARCINOMA TREATED BY COBALT6 
BEAM THERAPY (1952-1955) 


Radical Therapy 50 
Palliation 
Total 79 


TABLE No. Hl 
ORAL CARCINOMA BY SITE TREATED BY 
RADICAL DOSAGE COBALT®® BEAM 
THERAPY. (1952-1955) 


Buccal Aspect 7 
Palate and Upper Alveolus 5 
Floor of Mouth and Lower Alveolus 17 
Tonsil and Fauces 14 
Tongue 7 

Total 50 


The first impression is to the effect that: 


(1) RADIOGRAPHIC EVIDENCE OF IN- 
VASION OF THE MANDIBLE BY TU- 
MOUR GROWTH IS NOT NECESSARILY 
A CONTRAINDICATION TO COBALT” 
BEAM THERAPY. Cases with obvious clini- 
cal exposure of bone are excluded from 
this study. Four cases are included which 
revealed, on admission film, definite X-ray 


evidence of mandibular invasion. All 4 pa- | 


tients experienced not only complete regres- 
sion of tumour but early total repair of over- 
lying mucosa. One patient, aged 86, died of 
intercurrent disease without evidence of can- 
cer 28 months following treatment. The re- 
maining 3 are without pain, disease, clinical 
recurrence of fistula, 18, 45, and 54 months 
following treatment. Two detailed examples 
are cited as follows: 


Mr. S. H, #53/39. age 62. This patient gave a 
3 month history of soreness in the floor of the 
mouth. Examination revealed a 5 x 3 cm. ulcerating 
lesion involving the left lower alveolus extending 
on to the floor of mouth and the buccal mucosa. A 
clinically malignant submental node was recorded. 
The patient was treated using parallel opposing 
7 x 7 cm. fields, the tumour dosage being 6500r in 
17 treatments over 24 days. A severe fibrinous 
mucosal reaction was present on completion of 
treatment and the skin was brick red. The following 
week the patient was admitted to hospital for 
nursing care. The mucosal reaction subsided very 


slowly and healing was not complete until 5 months | 


had elapsed. An X-ray taken on January 6, 1953, 
prior to treatment showed “a destructive lesion 
involving the anterior part of the body of the left 
mandible”. A further X-ray taken on April 25, 1956, 
demonstrated that, “the sharply defined area of bone 
destruction in the anterior portion of the left hori- 
zontal ramus has been partially repaired by new 
bone formation”. On December 6, 1956, there was 
slight telangiectasia of the mucosa at the site of 
the original lesion with a depression of the mucosa 


over the bony defect of the left mandible but heal- 


ing was perfect. 
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Case #55 493 


Figure 1. 


Radiograph, taken prior to Cobalt®” treatment, 
shows an extensive defect consistent with neoplas- 
tic invasion of the mandible. Radon seeds are for 
tumour localization. 


Mr. G. McL. #55 /493. age 81. The patient gave 
a history of soreness in the mouth for 1 month. 
Examination revealed a 4 x 4 cm. malignant ulcera- 
tion of the buccal aspect of the left cheek involving 
the left lower alveolus and the floor of the mouth. 
A clinically positive submandibular node was noted. 
The patient was treated using a single 11 x 9 cm. 
field delivering a tumour dose of 6300r in 5 weeks. 
A mild fibrinous reaction appeared during the third 
week but by completion of therapy the fibrinous 
teaction had disappeared. The skin showed only a 
dry peeling reaction. The tumour regressed rapidly 
and by the end of the third week had almost dis- 
appeared. The tumour regression was complete 
before the end of treatment and the skin reaction 
had subsided within 1 month. An X-ray taken on 
March 22, 1955, prior to treatment, showed “an 
extensive defect consistent with neoplastic invasion 
of the alveolar aspect of the horizontal ramus of 
the mandible on the left side”. (Fig. 1.) A follow- 
up X-ray taken on December 5, 1956, showed “no 


Thomson and Smith: Cobalt60 Study Oral Carcinoma 


Figure 2. 


Radiograph, taken 20 months after treatment, 
shows regeneration of bone at the site of previous 
bone absorption and there is now no evidence of 
osseous abnormality. 


Case #55/493 


evidence of bone destruction.” (Fig. 2.) At present 
the mucosa is perfectly healed with no evidence of 
the effects of radiation. There is no bony defect 
at the site of the bone invasion. 


We submit this first observation as fur- 
ther evidence against the teaching of certain 
centres that invasion of the mandible is a 
contraindication to radiotherapy. In our own 
Clinic, it is Cobalt®® first, and surgery in the 
event of complications. 


The second observation is that (2) RE- 
CURRENCE OF DISEASE SUBSEQUENT 
TO X-RAY THERAPY HAS BEEN SUC- 
CESSFULLY TREATED BY COBALT". 


Table IV records details. 


TABLE No. IV 


TREATMENT OF RECURRENT DISEASE 
(FOLLOWING X-RAY THERAPY) BY RADICAL COBALT®® BEAM THERAPY (1952-1955) 


Alive with no disease . 


Sur- 

Site Cases vival 
Floor of mouth 1 48 mos 
Tonsil 2 48 mos 
48 mos 
Tongue 1 42 mos 

Buccal mucosa 1 4 mos 


4 cases 
Field 
Time Size 
444 wks. 12 x 10 cm 
5500r 3. wks. 7x om 
4300r 2% wks 5x 5 cm 
5500r 3. wks. 10 x 7 cm 
4700r 3. wks. 10 x 8 cm 
Total 5 cases 
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In this series of 50 radically treated cases 
there were 5 cases indicated in Table IV who 
had been previously treated elsewhere with 
X-ray therapy. Of the 4 surviving cases, 3 
are not only alive, but are without complica- 
tions. The fourth patient had an extensive 
carcinoma of the floor of mouth, invasion of 
the mandible by tumour, previously heavily 
treated on two occasions with X-ray therapy. 
At present he is alive with necrosis of the 
mandible 48 months following treatment. 


It,is notable that no attempt was made to 
deliver an exceptionally high tumour dose 
in any of the cases, nor was any attempt made 
to protract the treatment beyond 4!» weeks. 


Our third observation is to the effect that 
(3) ADJACENT SOLITARY LYMPH 
NODE INVASION IF INCLUDED IN 
THE TREATMENT FIELD SHOWS FA- 
VOURABLE INITIAL REGRESSION. 
Nine of the 50 radically treated cases had 
clinically positive solitary lymph nodes suf- 
ficiently close to the primary disease to be 
included in the treated volume. Table V sets 
out the patients with solitary lymph node 
involvement along with identification of the 
primary site. Bronchopneumonia was the 
cause of death in one case and autopsy showed 
that there was no evidence of residual ma- 
lignancy. 


TABLE No. V 


PATIENTS WITH SOLITARY LYMPH NODES 
INCLUDED IN TREATED VOLUME-RADICAL 
COBALT®® BEAM THERAPY (1952-1955) 


Alive and well 
Floor of mouth 2 cases 45 months 
16 months 
Tongue 2 cases 42 months 
24 months 
Upper Alveolus 1 case 35 months 
Tonsil 1 case 24 months 
Buccal mucosa 1 case 18 months 
Died of disease .............. ee _..... 1 case 
Tongue 15 months 
Died of other causes . te 1 case 
Lower Alveolus 4 months _ 
Total 9 cases 


None of these cases had surgery following 
therapy, although it was considered initially 
in each instance, and naturally all are still 
being followed carefully at short intervals. All 
nodes except one have either completely re- 
gressed or are regarded as clinically inert. 
This is an extremely interesting and indeed 
a surprising group worthy of extended study. 
As a minimum the results would seem to 
waive the urgency for early block dissection 
where the status of the primary is indeter- 
minate. 
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At the present time it is our belief that 
(4) THE OPTIMAL TUMOUR RESPONSE 
LIES IN THE 6000r TO 7500r RANGE 
DELIVERED IN FOUR TO SIX WEEKS. 
Our early dosage ambition was 5000r to 5500r 
to tumour in 3 weeks. This is often achievable 
yet only too frequently with anxiety to 
both patient and therapist. In an effort 
to limit extreme early mucosal reaction, and 
retain control, as it were, of delivered tumour 
dosage, we have adopted a standard of 1500r 
weekly to tumour to a prescribed 6000r. This 
weekly dosage standard varies + 10% ac- 
cording to the size of the treated volume and 
the age and general condition of the patient. 
To a treated volume suited for radical ther- 
apy, this is usually nicely tolerated in the 4 
week period: yet it permits additional dosage 
at the same or restricted rate in individual 
cases where tissue reaction is low or when 
tumour response is slow. Even so there is the 
occasional annoying exception to this work- 
able rule, all of which adds to the fascination 
and challenge of radiotherapy. We cite the | 
following two extreme examples, one on | 
either end of the scale. 


Mr. E..H. #54 1024. age 54. This patient had 
a grade 1 squamous cell carcinoma measuring 5 x 3 
cm. situated on the right lower alveolus and ex- 
tending on to the floor of mouth. He was treated 
in a plaster cast using parallel opposing 7 x 7.5 cm. 
fields. The prescribed tumour dose was 6500r in 
20 treatments to be delivered in 4 weeks, but after 
10 treatments the daily dose had to be reduced 
because of a severe fibrinous reaction. Treatment 
was discontinued at a tumour dose of 4500r and 
when reaction diminished in a week, was recom- 
menced. A tumour dose of 6500r was achieved but 
only after 21 treatments in 37 days. The skin 
reaction was moderate and did not give any concern 
regarding breakdown. The patient is alive and well 
after 26 months. 


Mrs. C. A. #55518. age 74. This case is de- | 
tailed under the section on “extreme resistancy”. 
Upon completing 7500r tumour dose in 6 weeks 
without tumour or skin reaction, we discontinued 
therapy assuming that shortly a fibrinous response 
would appear. It never did, even after a total dosage 
of 12,000r was completed in 314 months, nor did 
the tumour disappear. 


It is a well established fact that (5) SKIN } 
REACTIONS ARE LESS THAN FROM 
CONVENTIONAL X-RAY, but how much 
less? How significant is it clinically? In 10 _ 
cases we used a single field without inter 
vening bolus, wax or plaster. The given dose 
ranged from 6000r in 3 weeks to 7000r in 
4'4 weeks, the tumour doses ranging from 
5000r in 3 weeks to 6300r in 4'% weeks. In no 
case was there a moist desquamation. 


With parallel opposing or tangential fields — 


the situation is slightly different. Of 21 cases _ 


using this technique, 10 cases were treated — 
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without plaster, 9 cases using a plaster cast, 
and 2 cases utilizing a plaster cast and wax 
bolus. Reactions vary considerably within 
this group and are higher, of course, when 
fields are tangential, when skin lies within 
the tumour volume, and when plaster with or 
without wax is used. However, in general, 
moist desquamation of skin is rare. 


In 19 cases a plaster of paris cast and mul- 
tiple beam directed portals were used. The 
contralateral fields despite plaster showed a 
very light erythema. The ipsilateral skin 
however, if included in the tumour volume, 
occasionally can be moist, but its duration is 
short and healing is rapid. This decrease in 
skin reaction both in degree and duration has 
tangible significance for both therapist and 
patient. For the therapist skin tolerance and 
reactions no longer have a deterrent influence 
in achieving lethal tumour dosage. For the 
patient it spells comfort, albeit relative. 


The sixth observation is that (6) MU- 
COSAL REACTIONS ARE DECIDEDLY 
MORE VARIABLE, i.e. less consistent in 
intensity for the same tumour dosage in dif- 
ferent individuals. Although there are wide 
variations, one type of reaction fading into 
another, and indeed the exceptional patient 
with no fibrinous reaction, we are working 
under the impression that mucosal reactions 
fall into three categories. Our impressions 
are based now on a fairly standard dose rate, 
perhaps not comparable to others using Co- 
balt"’ beam therapy, and certainly not com- 
parable to the dose rate customarily used 
with conventional X-ray therapy. 


(1) It is most common, using our standard 
tumour dosage of 1500r per week, for the 
Tfeaction to come up during the third week, 
quickly reach a maximum and continue un- 
changed through to the end. 


_ (2) Less commonly, a more slowly appear- 
ing reaction occurs, gradually reaching fi- 
brinous proportions during the fourth week, 
which is short of maximum even at the end 
of the fourth week. This allows scope in re- 
sistant types of lesions to push on to 7000r 
before a heavy fibrinous reaction will appear. 


(3) Maximal reaction sometimes occurs 
during the third week, and on occasion earl- 
‘er, and then diminishes despite the continua- 
tion of full dosage treatment. 


_ Mucosal reaction, whilst heavy as a rule, 
's of much shorter duration than that of con- 
ventional X-ray therapy. The period of mis- 
ty is thereby lessened. This, coupled with 
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minimum skin effect, is of vital importance 
in the treatment of oral carcinoma; indeed, 
in the older age group it can, on occasions, 
be life saving. 


The seventh observation is, (7) AS WITH 
OTHER IONIZING RAYS, CERTAIN 
ORAL CARCINOMA EXHIBIT EX- 
TREME RESISTANCY. Our criteria in 
appraising this statement were persistence of 
tumour, or recurrence of the primary disease 
within 3 months of completion of treatment. 
Only 3 cases, of 50 radically treated, could be 
so categorized as being resistant and they are 
cited below. It may be argued that the dosage 
in case +52 1529 and +52 989 was not high. 
In any event the satisfactory initial tumour 
regression determined the stopping point and 
we were tricked into a sense of security. Case 
+55 518, on the contrary, although showing 
no regression and no reaction at 7500r, fooled 
us in that we accepted 7500r in 6 weeks as a 
lethal dose. Even by pushing dosage up the 
tumour remained totally refractory. 


Mr. W. L. #52 1529. age 64. The patient pre- 
sented with a large irregular squamous cell carci- 
noma of the right anterior pillar with extension to 
the floor of mouth, base of tongue and the posterior 
third of lower alveolus. He was treated to a tu- 
mour dose of 5600r in 314 weeks using a plaster 
cast and multiple beam directed fields 6 x 8 cm. in 
size. A moderate fibrinous reaction was present 
on completion of treatment. The tumour regressed 
almost entirely, but became active again within 
three months. A radon seed implant was carried 
out and the tumour regressed completely leaving 
a necrotic ulceration. The patient died 10 months 
following treatment extremely debilitated. 


Mrs. C. A. #55 518. age 74. When first seen 
this patient had a grade II squamous cell carcinoma, 
measuring 4 x 3 cm. involving the buccal aspect of 
the right cheek, extending on to the medial aspect 
of the ascending ramus of the mandible. She was 
treated using a single 8 x 7 cm. field, without 
plaster, to a tumour dosage of 7500r in 6 weeks 
without fibrinous reaction. Three weeks later, the 
tumour was still present, although smaller, and 
treatment was continued giving 500r twice weekly, 
to bring the total tumour dosage up to 12,000r in a 
total of 31%, months. At this time the tumour 
persisted and remained unaltered for 1 year, when 
following increase in size, it was excised with part 
of the mandible. The soft tissue alone showed 
viable carcinoma. The patient is alive and well 
21 months after treatment. 


Mr. J. M. G. #52 989. age 54. The patient 
presented with a grade II squamous cell carcinoma 
involving the entire anterior floor of mouth. He 
was treated using a single submental 8 x 6 cm. field 
to a tumour dose cf 6000r in 414 weeks with no 
evidence of fibrinous reaction. The tumour re- 
gressed incompletely and following observation the 
residual tumour was implanted using both radium 
needles and radon seeds. A necrosis of the floor of 
mouth and anterior mandible developed and the 
patient died of disease 27 months after his original 
treatment. During the latter part of his life multi- 
ple cervical nodes were controlled, as they appeared, 
by radon seed implant. 


| | 
| 
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One senses an added safety to bone when 
using Cobalt"’. It should be thus, with the 
lessened coefficient of absorption; and in 43 
cases radically treated showing no clinical or 
radiographic evidence of tumour invasion of 
the mandible at the commencement of treat- 
ment, no spontaneous bone necrosis has oc- 
curred. One case was precipitated by dental 
extraction 3!. years after therapy. Tempting 
though it is, we should not court disaster by 
leaving teeth in. Subsequent extraction may 
be required from bone which physiologically 
and histologically, if not radiographically, 
must show some degree of radiation osteitis. 


We only wish we could make a contribu- 
tion from this study to the fascinating subject 
of relative biological effectiveness. True it 
is less, perhaps by 15%, but tissue reaction 
and tumour response, our only two indicators 
in oral carcinoma, are simply too variable to 
contribute with any accuracy to the ultimate 
equation. Might we suggest relative tumour 
effectiveness is just a trifle different? Per- 
haps then we should leave the first to the 
radiobiologist and the latter to the therapist, 
requesting our physicist colleagues from time 
to time to keep us posted on the current value 
of the roentgen! 


The eighth and final impression is to the 
effect that (8) THE CLINICAL RESPONSE 
THUS FAR AUGURS WELL. In surveying 
Tables VI and VII attention is drawn again 
to the fact that all lesions amenable to radium 
implant or mould are excluded: likewise all 
large lesions suitable only for palliation. 
Carinoma of fauces and tonsil, and carcinoma 
of floor of mouth and lower alveolus were 
selected for detail, primarily because they 
comprise the largest numbers in the series. 
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TABLE No. VI 
CARCINOMA OF FAUCES AND TONSIL TREATED 
RADICALLY BY COBALT®® (1952-1954) 


Alive and well 


6 cases 

48 months - 2 cases 

45 months - 1 case 

36 months - 1 case 

24 months - 2 cases 
Died of disease 4 cases 
Total 10 cases 


TABLE No. VII 
CARCINOMA OF FLOOR OF MOUTH AND LOWER 
ALVEOLUS TREATED RADICALLY BY COBALT® 
(1952-1954) 


Alive and well 7 cases 
49 months - 2 cases 
47 months - 1 case 
40 months - 2 cases 
29 months - 1 case 
26 months - 1 case 
Died of disease 3 cases 
Total 10 cases 


Of the entire oral group treated radically 
prior to 1955, 22 of 33 patients are without 
disease, 24 - 54 months. Of 50 patients treated 
similarly, to the end of 1955 there are 33 alive 
and free of disease 12 - 54 months. Although 


these figures are not dramatic, and mindful . 


of the fact that time has not permitted a 
statistical survey we are content to suggest 
that next to larynx, Cobalt®’ beam therapy 
will find its greatest curative effectiveness 
in oral carcinoma. 


Summary 

Certain positive impressions gained after 
five years clinical research experience with 
Cobalt“ are listed, and enlarged upon in so 
far as time interval and case volume would 
permit. The effectiveness of radiotherapy 
in oral carcinoma, indeed has been expanded 
by Cobalt“’. In both general and specific ways 
the physical advantages of Cobalt"” are being 
reflected most favourably clinically. 
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Catton: Localization of Tumours Cobalt. 


LOCALIZATION OF TUMOURS FOR COBALT®® CIRCUMAXIAL ROTATION® 


G. E. CATTON, M.B. 
Ottawa, Ontario; 


Early in our experience with the Atomic 
Energy of Canada rotating Cobalt"” beam 
unit, or “Theratron”, it became apparent that 
a beam rotating around a horizontal patient, 
and in a calibrated relationship to the treat- 
ment table, provided advantages which could 
be used to simplify the problems of localiza- 
tion, beam direction and dose distribution. 
At the same time the basic concept of a three 
dimensional tumour which has to be closely 
encased in a corresponding zone of homo- 
geneous tumour dose could be brought closer 
to practical realization. This involved the 
development of means to work directly in 
terms of a volume of tumour and a volume of 
radiation, as opposed to the older method 
whereby a cross section of the tumour was 
simply covered by a combination of rectangu- 
lar fields, which might be balanced or left 
unbalanced. 


Figure 1. The localizer in basic form. 
Accessory grids unattached. 


The production of a zone of radiation to 
fit the tumour volume is simplified by cir- 
cumaxial rotation, in that an infinite variety 
of regular spheroidal or ovoid patterns result 
from varying the arc or opposing arcs of rota- 
tion. In addition, there is now a method! of 
predicting to a fair degree of accuracy the 
arcs of rotation that must be used to produce 
agiven regular three dimensional pattern of 
tadiation. There remains the problem of 
determining the shape, size and position of 
the tumour in three dimensions, and then 
placing it accurately within the volume of 
tadiation which has been pre-determined to 
fit as closely as possible. 


‘Presented at Annual Meeting, The Canadian Asso- 
= of Radiologists, January 13-17, 1957, Mont- 
Teal, 


"Ottawa Civic Clinic, The Ontario Cancer Founda- 
ion. 


Figure 2. The localizer with the two accessory 
grids in position. 


It is well known that the most accurate 
X-ray localization may be far wide of the 
true extent when it remains impossible to 
outline the microscopic edge of a tumour on 
a film. Although the clinical findings help 
considerably much art is required in deciding 
how much to add to the demonstrated tumour 
volume. Even though art still plays a large 
part in radiotherapy, it does not absolve us 
from making our technical procedures as ac- 
curate as possible. The best we can do to 
determine the dimensions of a tumour in three 
planes is to take antero-posterior and lateral 
views and from them plot out by deduction 
the dimensions in the third plane. The magni- 
fication in these views must be measured accu- 
rately, and preferably by a system which is 
independent of any variation in the position 
of the tube or the patient. For this reason, 
shift films were rejected as being too de- 
pendent on the accuracy with which the tech- 
nician centres on the skin marker or measures 
the amount of shift. It was also found that 


Figure 3. The patient set up for the antero- 
posterior film. 
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antero-posterior and lateral films taken under 
free hand conditions with markers on the skin 
were even more inaccurate. Plaster cast lo- 
calization, besides being time consuming, is 
not too practical when the patient is lying 
down. Finally, it was the memory of a pel- 
vimetry film covered with fine dots which 
gave the idea leading to the design of the 
present apparatus. 


Figure 4. The positioning for the lateral film. 


In essence the method developed localizes 
the tumour within a special bridge which can 
be placed over the patient lying on the diag- 
nostic X-ray table, and replaced in exactly 
the same position on the treatment table. The 
side pieces are made of clear plastic each 
containing the same grid pattern of lead dots 
spaced 2 cm. apart. Both the centre of the 
grid pattern and the edges of the central line 
are marked by three lead dots close together, 
running vertically on one side and horizon- 
tally on the other. The side pieces are held 
at right angles to the table top by two joining 
rods which telescope to allow tight adjust- 
ment to the sides of the patient. Sliding along 
the joining rods is a clear plastic bar with a 
brass ring in the centre. This ring acts both 
as a radio-opaque marker and as a retainer 
for a removable steel pin. Projecting from 
the centre of the foot of each side piece is a 


Figure 5. 
radium using the complete localizer. 


Localization films of intra-cavitary 
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5 cm. plastic rod containing a blob of lead in 
the end. In this basic form the localizer js 
accurate for any midline tumour. As the 
tumour is displaced from the midline the 
accuracy becomes less and to restore it, at the 
expense of added complication, accessory 
grids are provided. These consist of two 
clear plastic plates each marked by a single 
line of corresponding lead dots spaced 4 cm. 
apart. The top plate slides through a guide 
screwed to the top of one side piece, just 
clears the central pin, and fits snugly into a 
blind slot screwed to the top of the other 
side piece. An offset peg prevents insertion 
the wrong way round and adds to the se- 
curity. The bottom plate is held in position 
by two slotted blocks which fit around the 
lower corners of one side piece. A T-shaped 
brass peg is provided for insertion into a 
hole drilled in the lower edge of the other 
side piece. This peg runs in a groove cut in 
the bottom plate and prevents any side to 
side movement. When not in use the peg is 
kept available, and yet out of the way, at the 
top of the side piece. 


Figure 6. 
sophagus using the localizer in basic form. The 
ellipse outlines the lateral projection of the treated 
volume to the 90% isodose line. 


Localization films of carcinoma of oe- 


To date it has not been necessary to use 
the localizer in this form for the purposes of 
rotation therapy. It has been used only in 
cases of carcinoma of the cervix for localiz- 
ing the intra-cavitary radium preparatory to 
making up three dimensional models. Of the 
first 200 patients treated on the Theratron 
rotation therapy was used in 76 or 38%. This 
38’. was composed almost entirely of cases 
of carcinoma of the bladder, female genital 
organs, bronchus, rectum and oesophagus in 
that order of frequency. As these tumours 
are all close to the midline it would appear 
that the basic form of the localizer is suffi- 
cient in the great majority of instances. Pos- 
sibly the only type of case that would require 
the accessory grids would be a carcinoma of 
the bronchus arising more peripherally than 
usual. 


‘ 
i 
of pt 
a carci! 
form 
the p 
4 a in ro 
to m 
If st 
4 ‘Poe & my 
\ It i 
Fr 


STES 


Cobaltéy 


ead in 
izer is 
1S the 
le the 
at the 
essory 
f two 
Single 
4 cm. 
guide 
>, just 
into a 
other 
ertion 
he se- 
sition 
id the 
shaped 
into a 
other 
cut in 
ide to 
peg is 
at the 


of oe- 
n. The 
treated 


to use 
»ses of 
nly in 
ocaliz- 
ory to 
Of the 
-ratron 
This 
cases 
enital 
gus in 
ymours 
appear 
suf fi- 
;. Pos- 
‘equire 
oma of 
y than 


| 


JOURNAL OF THE CANADIAN ASSOCIATION OF RADIOLOGISTS 38 


Catton: Localization of Tumours Cobalté 


Vol. VIII, June 1957 


A rotation technique was used for 4 cases 
of pituitary adenoma and 1 case of recurrent 
carcinoma of the pharynx. The skull itself 
forms an efficient localization apparatus for 
the pituitary, and there is probably no virtue 
in rotation therapy as primary treatment for 
any other lesion in the head and neck. Con- 
sequently we have felt no compulsion as yet 
to modify the localizer for use in this region. 
If such modification were desired it would 
only involve a smaller version combined with 
the means to hold the head in a fixed posi- 
tion. 


To demonstrate the method of using the 
apparatus the localization and initial setting 
up of a patient with carcinoma of the oesoph- 
agus will be described step by step. The diag- 
nostic X-ray table is prepared by replacing 
all padding by a thin sheet. If the patient 
objects to a hard surface then it is permissible 
to use a '» inch layer of foam plastic cut 
narrow enough that it does not overlap the 
body. This pad, or one exactly similar, must 
accompany the patient to the treatment table. 
It is very important that the localizer stands 
directly on both the diagnostic and treatment 
tables and not on a layer of padding. We 
have standardized on a single sheet folded 
into two and have had very few complaints. 
In taking the lateral film, a very finely cross 
hatched stationary grid is used, and it saves 
much time to provide a false table top, which 
has a slot to hold the film cassette exactly 
perpendicular to the central axis of the beam. 


Figure 7. The initial positioning on the 
treatment table. 


The patient is placed on the table, usually 
supine but occasionally prone. While the 
prone position is more comfortable and stable 
when the arms have to be raised above the 
head, it has the disadvantage that the oesoph- 
agus is only parallel to the table top in the 
supine position. Also, patients who have had 
arecent thoracotomy usually have difficulty 
i raising the arms sufficiently high above 
the head to assume a prone position. The 
localizer is opened, put over the patient so 


Figure 8. Adjusting the grid pattern to the light 
simulating the Cobalt®” beam. 


that the tumour is within the confines of the 
grid pattern, and then closed for a snug fit 
at the sides, care being taken that the pro- 
jecting plastic rods are underneath the sheet. 
The next step is to measure the separation of 
the side pieces and position the sliding bar 
exactly midway between. The telescoping 
rods could be scaled for this purpose, but a 
ruler does as well. This measurement is re- 
corded on the X-ray requisition form. Having 
positioned the localizer with the patient in 
a stable, comfortable position, the pin is drop- 
ped through the brass bush in the sliding bar 
and the point where it meets the skin is 
marked with gentian violet. Skin marks are 
also made along the edge of each side piece 
with a cross mark at the level of the centre 
line of the grid pattern. When we come to 
replace the localizer on the treatment table, 
the positioning is controlled in the lateral 
direction by the separation measurement, in 
the super-inferior direction by the skin marks 
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along the edges of the side pieces and in the 
antero-posterior direction by gravity, provid- 
ed the patient is lying on a firm surface. 
Rotation of the patient is controlled by the 
skin mark underneath the pin and by the 
cross marks at the sides. As the patient is 
lying down in exactly the same position as 
when the marks were applied, and is not 
required to change position during the time 
the films were taken or during treatment, the 
skin marks can be relied upon. Lateral and 
antero-posterior films are taken just after 
the patient swallows a mouthful of thin 
barium. No special precautions are necessary, 
apart from standardizing the tube height at 
40 inches, and remembering to remove the pin 
from the sliding cross bar when the antero- 
posterior film is being taken. The usual 


Bucky moving grid is used for the antero- 
posterior view, while a better defined film 
is obtained in the lateral view if the cone is 
replaced by a lead diaphragm. 


Figure 9. Adjusting the grid pattern to the cross- 
wires indicating the point of exit of the beam. 
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Figure 10. The vertical projection of the cross- 


wires marked on the skin. The original dot marking 
the position of the central pin is preserved. 


Simple geometry applied to measurements 
taken from the lateral film relates the magni- 
fication of the visualized area, be it tumour 
or lumen of an organ, to the magnification 
and known separation of the two grid pat- 
terns. Thus the true dimensions of the ap- 
parent tumour volume can be measured in 
the supero-inferior and antero-posterior axes 
of the patient, and at the same time be located 
on the grid pattern on the side pieces of the 
localizer. In the antero-posterior film, the 
magnification follows from the relation of 
the height of the focal spot to the height of 
the tumour above the film. The height of 
the tumour above the film is obtained by 
adding the height above the table, as deter- 
mined from the lateral view, to the measured 
table-film distance. When the accessory grids 
are used, it is not necessary to know the tube 
or table heights and the magnification can 
be calculated directly from the grid magnifi- 
cations. This calculation gives the remaining 
dimension of the apparent tumour volume in 
the lateral axis and can provide a check on 
the supero-inferior dimension as measured in 
the lateral view. The purpose of the central 
ring and the two lateral lead blobs in the 
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antero-posterior film is to relate the tumour 
to the plane midway between the side pieces. 
The diameter of the visualized or apparent 
tumour volume has now been measured in 
three dimensions at right angles and the 
shape determined in two aspects at right 
angles. This volume has also been related in 
space within the bridge. It is important to 
know the shape in the remaining supero-in- 
ferior aspect as this is the plane of rotation. 
Consequently this shape is plotted out on 
graph paper by deduction from the known 
measurements. The next step is to increase 
this apparent tumour volume in three di- 
mensions to allow for the estimated extent 
of the invisible tumour. The result may 
euphemistically be called the true tumour 
volume and the field size and arcs of rotation, 
to produce a suitable treated volume to en- 
compass it, can be determined. The term 
treated volume, as used here, is meant to 
describe the three dimensional zone of radia- 
tion bounded by the isodose shell which is 
90° of the dose in the centre. 


With the patient and the localizer in the 
same position on the treatment table, the 
centre of the tumour is placed in the desired 
relationship to the centre of rotation by align- 
ing the beam in two directions at right angles. 
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The Theratron is equipped with a light-defin- 
ing device which simulates the size and posi- 
tion of the beam from an adjustable dia- 
phragm, and projects cross wires at the point 
of exit. In effect it is a close approximation 
vo a cone and back pointer. The main align- 
ment is done with the beam in a horizontal 
position and by adjusting the table to register 
the light beam and the cross-wires to their 
appropriate position on each grid pattern, the 
‘tumour is centred in the antero-posterior and 
supero-inferior axes. To centre in the re- 
maining lateral axis the counterweight is 
rotated through 90 degrees to project the 
cross wires down vertically. The table is 
then moved from side to side until the cross 
wires register with the vertical projection of 
the centre of the tumour, as marked on the 
sliding cross bar, or top plate. 


At this stage there is a choice. If the 
localizer is removed, the projection of the 
cross wires marked on the skin and a reading 
taken of the height of the table, then the 
localizer is not needed for setting up sub- 
sequent treatments. If it is felt that the skin 
mark of the cross wire would not be in a 
sufficiently immobile area of skin, then the 
localizer itself can be used each time for the 
remainder of the course. 


DIMENSIONS 


Plastic Side pieces — 


Brass reinforcing cross bars — 
Brass telescoping joining rods — 


19 x 28 x 0.7 cm. with 1 cm. diam. rods projecting 


5 cm. 


x 2.5 = 1 


inner rod 21.5 x 0.9 cm. diameter. 


-— uter tube 30x 1.3 cm. outside x0.9 cm. inside diam. 
—fully open 48 cm., fully closed 31 cm. 


Plastic sliding bar — 


15.5 x 8 x 0.7 cm., with an engraved centre line, and 
a central brass bush 1.2 x 0.5 cm. inner, 0.6 cm. 
outer diam. and a flange 1 cm. diam. 


Sliding brass tubes supporting plastic bar —8 x 1.3 cm. inside x 1.7 cm. outside diam. 


Steel pin — 
Top plate — 


Slotted guides, one blind with offset 
retaining peg — 


Bottom plate — 


Brass T-peg to fit in groove — 


11.5 x 0.5 cm. diam. plus a brass cap. 
50: x x 0.35 cm. 


7 xix 1 cm. 


50 x 21 x 0.35 cm., with groove, 20.5 x 0.35 x 0.25 
cm. deep, reinforcing bar across end of groove 
21 x 0.3 x 0.3 cm., and end blocks 4.5 x 2.5 cm. 
x 1.25 cm., slotted 3.5 x 0.7 cm. 


3.5 cm. of 0.3 cm. square bar hard soldered to 1 cm. 
of 0.3 cm. diam. rod. 
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Summary 


The basic radiotherapeutic concept of 
closely enveloping a volume of tumour in a 
homogeneous volume of radiation has not 
been fully realized in the past due to the 
practical limitations of fixed field therapy. 
It is pointed out that circumaxial Cobalt” 
beam rotation simplifies the problem of pro- 
ducing a homogeneous volume of radiation, 
the shape of which can be both varied and 
predetermined. A simple apparatus is de- 
scribed to provide an answer to the problem 
of determining the shape, size and position 
of a tumour in three dimensions and then 
placing it accurately within a pre-determined 
volume of radiation. 
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PREDETERMINED DOSE DISTRIBUTIONS FOR COBALT®® CIRCUMAXIAL ROTATION* 
R. O. KORNELSEN, M.Sc. 
Ottawa, Ontario; 


The problem of treatment planning and 
dose estimation can be tackled in two general 
ways. The first is to choose an arrangement 
of fields and to calculate the dose distribu- 
tion. If the result is not satisfactory the 
arrangement may be altered and the proce- 
dure repeated. By experience we learn which 
general arrangements produce adequate dis- 
tributions. The other method of attack is to 
make a conscious attempt at a predetermined 
system by plotting certain characteristics 
about the dose distribution as a function of 
the variable factors at your disposal. At the 
same time, it may be convenient to restrict 
the range of some of the factors. With con- 
ventional fixed field therapy, the first method 
is feasible since the number of field arrange- 
ments is relatively limited. However, with 
the advent of rotating Cobalt beam units 
where rotation may be carried out over any 
size of arc and where the field size is con- 
tinuously variable the number of possible dis- 
tributions is enormous. Furthermore, the cal- 
culation of a rotation distribution is tedious. 


The advantages of a predetermined dose sys- 
tem are these: 


1. It saves a great deal of time. 


2. It puts a greater emphasis on the actual 
size and shape of the treated tumour 
volume. 

These points will be appreciated by anyone 
who has tried to plan an arrangement of in- 
terstitial radium without the help of Paterson- 
Parker' tables. 


A Cobalt®® beam lends itself particularly 
well to pre-planning. The high energy of the 
radiation and small amount of side scatter 
tend to make the dose variation near the tu- 
mour independent of the size and shape of the 
patient. Pfalzner and Inch? in London, On- 
tario, have published curves relating the 
nominal field size to the size of the volume 
which receives at least 90% of the maximum 
dose. These curves were for 360° rotation 
only. In this paper we have extended this 
system by allowing not only 360° rotation but 
also rotation in pairs of opposed arcs. 


_ As indicated in Figure 1, the x-axis is the 
bisector of the arc of rotation, the y-axis is 
perpendicular to it and is also in the plane of 


_ 


*Presented at Annual Meeting, The Canadian Asso- 
a of Radiologists, January 13-17, 1957, Mont- 
Teal. 


tOttawa Civic Clinic, The Ontario Cancer Founda- 


Totel Angle-@*2&% 


Figure 1. Nomenclature used. 


rotation. 6 is the total angle of rotation. The 
z-axis is perpendicular to the page and is the 
axis of rotation. The treated volume was 
taken as that region receiving at least 90% 
of the central dose. 


Apparatus 


Measurements were taken on an Atomic 
Energy of Canada “Theratron”. The phantom 
was a water-filled cylinder, elliptical in cross 
section (22 cm. x 30 cm.). The dose was 
measured along the x-axis and y-axis for a 
variety of field sizes and angles of rotation, 
using a Balwin Farmer Radiological Electro- 
meter with B D-2 condenser chambers. 


Results 


A typical resulting distribution is shown 
in Figure 2 for a 6 cm. wide field and 240° 
rotation. Some idea of the effect of body 
shape can be obtained from Figure 3. The 


FIELD SIZE = 6x6 cm 


@*= 240° 


Figure 2. A typical measured distribution 
using Cobalt®° beam. 
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Figure 3. Graph showing the variation of dose 
along the bisector of the arc of rotation. 
Minor axis. 

Major axis. 


full line indicates measurements with the 
minor axis of the ellipse along the bisector 
of the arc of rotation, and the dotted line 
with the major axis along the bisector of the 
arc. The width of the 90% contour differs 
by about 1 cm. between the two cases. When 
compiling the final figures the smaller value 
was used in each case. Hence, any error due 
to this effect is in such a direction as to give 


T T 
16 
L 
12 
y 
Ay 
lo 
1 
1 
= 
Sé 
a 
SOD =3icm 
2 4 STD:75cm 
2 PENUMBRA: 2-7em 
4 
2 14 
= | | 
if 
4 6 8 10 12 14 
NOMINAL FIELD WIDTH (CM) 
Figure 4. Graph relating the treated tumour vol- 


ume to field size and angle of rotation, for opposed 
arcs with Cobalt"” beam. 
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an added margin around the tumour. In 
Figure 3 the dotted curve cuts the 90% level 
at a radius of 4.5 cm. This value is plotted 
on Figure 4 as a tumour diameter of 9 cm, 
corresponding to a field width of 6 cm. and 
180° of rotation. 


The results in final form are shown in 
Figure 4. The full lines relate the field size 
to the tumour dimension in the x-direction, 
while the dotted line refers to the y-direction, 
Since the dose variation along the z-axis is 
not affected by rotation, the appropriate 
z-values may be taken from the curve marked 


= 


Some remarks should be made about the 
limitations of the curves. 


1. They are strictly valid for central 
tumours only. Eccentricity of tu- 
mour position along the x-axis can 
be corrected for, by apportioning 
the treatment time so that each arc 
contributes an equal dose to the 
tumour. 

2. It was found that the presence of 
the table top in the beam displaced 
the region of uniform dosage about 
0.5 cm. farther away from the table. 
The effect of the table is about the 
same as 3 cm. of extra tissue over 
that arc. 

3. Within 5 cm. of the surface, the 
curves are not valid since the depth 
dose does not vary exponentially 
in this region. 


Use of Curves 


lt is required to treat the tumour shown 
in Figure 5. 


Figure 5. Size and position of tumour discussed 


in use of Figure 4. 


Tumour Dimensions: 
y= om. 

2 => cm. 
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Selection of Treatment Factors: 

The tumour diameter along the axis of 
rotation (z-axis) is not influenced by the 
angle of rotation. We find that the required 
field height is 13.5 cm. (see pt. 1 Fig. 4). It 
is now necessary to select a combination of 
field width and angle of rotation to give the 
required x- and y-diameters. By inspection 
we find that a field width of 10 cm. and an 
angle of 280° satisfies these conditions (see 
pt. 2 and 3, Fig. 4). 


To balance the dose from the two arcs: 
Left Side — Mean radius — 14.8 cm. 
— Tumour-air ratio (Rt.) — .56 
(see Johns et al”) 
Right side — Mean radius — 11.6 cm. 
— Tumour-air ratio (Rt.) — .66 


Treatment time 
to left side 
to right side 


(Rt.)r 
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Conclusion 


It is feasible to devise a predetermined 
dosage system for Cobalt*’ beam rotation. The 
chief advantages of such a system are a saving 
of time, and the fact that it focuses greater 
attention on the actual size and shape of the 
treated volume. 
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FLUOREX . . . fluoroscopic image intensifier 
for routine clinical use. 


CINE FLUOREX . . . dynamic 16 mm 
recording of fluoroscopic image. 


FLUORADEX TUBESTAND .. . available 
in 60" or 72" models with choice of 
wall or ceiling mounts. 


FLUORADEX . . . 300 and 500 MA 
completely automatic controls. 


FLUORADEX TABLES with 90, 60, or 10 degree 
Trendelenburg, and selection of spot-film devices. 
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